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Angina pectoris is a common symptom in patients with
aortic stenosis without coronary artery disease. To in-
vestigate the correlates of angina pectoris, echocardio-
graphic and hemodynamic data from 44 patients with
aortic stenosis and no coronary artery disease (mean age
56 ± 10 years) were analyzed. Twenty-three patients
had no angina pectoris and 21 patients had angina pec-
toris. The ratio of the diastolic pressure-time index (area
between the aortic and left ventricular pressure curves
during diastole) to the systolic pressure-time index (area
under the left ventricular pressure curve during systole),
an index of the oxygen supply/demand ratio, was not
different in patients with or without angina pectoris.
The incidence of angina pectoris in patients with aortic
stenosis in the absence of associated coronary artery disease
has been reported to vary from 40 to 80% (1-16). Left
ventricular ischemia may occur on the basis of supply/de-
mand imbalance to the subendocardial layer (17-20). Rel-
atively few studies (15-21) have attempted to elucidate the
mechanism that produces angina in these patients. Recently ,
Marcus et al. (22) demonstrated that a decrea se in coronary
reserve may contribute to the mechanism of angina pectoris
in patients with aortic stenosis and normal coronary arteries.
The purpose of this study was to determine indexes of myo-
cardial oxygen demand and supply derived from hemody-
namic and echocardiographic measurements in patients with
aortic stenosis.
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There were no differences between patients with and
without angina pectoris in echocardiographically deter-
mined wall thickness, chamber size, systolicand diastolic
wall stress and left ventricular mass; in electrocardio-
graphically defined voltage; and in hemodynamicallyde-
fined aortic valve area, transaortic gradient and stroke
work index.
Thus, echocardiographic and hemodynamic mea-
surements at rest are not significantly different in the
presence or absence of angina pectoris in patients with
aortic stenosis. Dynamic data appear to be essential for
evaluation of the mechanisms of angina pectoris in pa-
tients with aortic stenosis.
Methods
Study patients. We reviewed the clinical, M-mode
echocardiographic and catheterization data of 44 adult pa-
tients with severe aortic stenosis who had no (42 patients)
or insignificant (2 patients) coronary artery disease «50%
luminal narrowing). All patients had been studied between
1977 and 1981 at our institution . One of the two patient s
with insignificant disease had angina and the other did not.
Patients with associated mitral valve disease and those with
more than mild (1 + ) aortic regurg itation were excluded.
In addition, eight subjects with normal coronary angiograms
and left ventriculograms were included as a normal control
group . The clinical history was reviewed by two indepen-
dent observers to determine if the patient had angina. heart
failure or syncope.
The patients were classified into two groups: those with
chest pain consistent with angina pectoris (23) (Group I, 21
patients) and those without such history (Group II, 23 pa-
tients). The angina was considered mild (class I according
to the New York Heart Association functional classification)
in 4 patients and moderate to severe (classes II and III) in
13 patients; 4 patients had angina at rest (class IV).
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where EDD is end-diastolic dimension (mm) and ESD is
end-systolic dimension (mm).
Left ventricular mass (g) = (EDD + PWT + IVST)3 -
(EDD)3 x 1.05,
Electrocardiography. The electrocardiogram was ana-
lyzed using the Sokolow-Lyon voltage criteria for the pres-
ence of left ventricular hypertrophy (24). The presence or
absence of associated repolarization (ST-T wave) abnor-
mality was also noted.
Echocardiography. M-mode echocardiograms were
obtainedwithin48 hoursof cardiaccatheterization. All stud-
ies were obtained with an lrex II phased array scanner using
a 2.25 MHz transducer. The patients were examined in the
left lateral decubitus position and all studies included a
simultaneous electrocardiogram. Measurements were made
according to the criteria of the American Society of Echo-
cardiography (25). Fractional shortening, left ventricular
mass and wall stress were calculated using the following
equations:
Fractional shortening (%)
EDD - ESD
x 100,
EDD
septal left ventricular catheterization. The aortic valve area
wasmeasuredusingGorlin's formula (29). Significantaortic
stenosis was present when the aortic valve area was less
than 1.0 em", None of these patients were acutely ill or
manifestedsevere congestionor marked dyspneaat the time
of catheterization.
The left ventricular and aortic pressure curves were used
to calculate the supply/demand index (20). Subendocardial
perfusion is reflected by the diastolic pressure-time index
(DPTl) obtained by planimetry of the area between the su-
perimposed aortic and left ventricular pressure curves in
diastole. Myocardial oxygendemand wasestimated by plan-
imetryof the area beneath the left ventricularpressure curve
from the onset of ventricular systole to closure of the aortic
valve (Fig. I). This is termed the systolic pressure-time
index (SPTl). The ratio DPTl/SPTl was used as an estimate
of the adequacyof leftventricularsubendocardial blood flow
in relation to myocardial oxygen demand.
Statistical analysis. Comparison between groups was
performedusing analysisof variance and the chi-square test
when appropriate. A probability (p) value of less than 0.05
was considered significant. Measurements are expressed as
mean ± standard deviation when appropriate.
wherePWTis left ventricularposteriorwall thickness(mm),
IVST is interventricular septal thickness (mm) and 1.05 is
specific gravity of blood (26).
Circumferential peak systolic wall stress (mm Hg)
LVSP x RS
ESPWT
where LVSP is left ventricular peak systolic pressure (mm
Hg), RS is end-systolic dimension divided by 2 (mm) and
ESPWT is end-systolic posterior wall thickness (mm) (27).
Circumferential end-diastolic wall stress (mm Hg)
LVEDP x RD
EDPWT
where LVEDP equals left ventricularend-diastolic pressure
(mm Hg), RD is end-diastolicdimensiondivided by 2 (mm)
and EDPWT is end-diastolic posterior wall thickness (mm)
(27).
Stroke work index (g-mtm') = (LVSP - LVEDP) x SVI
x 0.0136,
Results
Patients With Aortic Stenosis
Clinical data(Table 1). There were 44 patients (29 men
and 15 women) ranging in age from 26 to 82 years (mean
57). There were no significant differences between patients
with angina (Group I) and those without angina (Group II)
in regard to age, history of congestiveheart failure, syncope
andelectrocardiographic QRSvoltage. Repolarization changes
(strain) were more prevalent in Group I than in Group II
(83 versus 55%); however, this difference did not reach
statistical significance (p = 0.16). The diastolic pressure-
time index/systolic pressure-time index ratio was 0.55 ±
0.17 in patients with left ventricularhypertrophy and strain,
and 0.57 ± 0.17 in patients without strain (p = not sig-
nificant [NS]).
Table 1. Clinical Data in 44 Patients With Aortic Stenosis
No Angina (Group II)Angina (Group I)
p
Mean ± SO No. (0/0) Mean ± SO No. (0/0) Value
Age (yr) 58 ± 16 56 ± 16 NS
Heart failure 13/21 (62) 18/23 (78) NS
Syncope 1/21 (5) 3/23 (13) NS
LV voltage 59 ± 26 48 ± 23 NS
(mm)
LVH with 10/12 (83) 10118 (55) NS
strain
LV = left ventricular; LVH = left ventricular hypertrophy; NS =
not significant; p = probability: SO = standard deviation.
whereLVSP - LVEDPequals left ventricularsystolicpres-
sure minus left ventricular end-diastolic pressure (mm Hg)
and SVI is stroke volume index (rnl/rrr') (28).
Cardiac catheterization. Right and left heart catheter-
ization was performed using standard techniques. Pressures
were recorded with fluid-filled catheters using P23Db Sta-
tham transducers. Cardiac output was measured by both the
Fick method and the dye-dilution technique. Simultaneous
aortic and left ventricular pressures were recorded on equi-
sensitivetransducers by meansof either transaortic or trans-
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Figure 1. Simultaneous left ventricular
and aortic pressure tracings in a normal
subject (A) and in a patient with severe
aortic stenosis (B). In both panels. the
pressures are shown on a scale of 0 to
200 mm Hg. Also shown is the ratio of
diastolic pressure-time index to systolic
pressure-time index. AD = aortic pres-
sure tracing; OPTI = diastolic pressure-
time mdex; LV = left ventricular pres-
sure tracing; SPTI = systolic pressure-
time index.
M·mode echocardiographic data (Table 2). There were
no significant differences between the two groups in regard
to left ventricular chamber size, systolic and diastolic wall
thickness, left ventricular mass and wall stress.
Hemodynamic data (Table 3). There were no signifi-
cant differences between the two groups in regard to aortic
valve area, pressure gradient across the aortic valve, stroke
work index and the indexes of myocardial oxygen demand
and supply. The diastolic pressure-time index/systolic pres-
sure-time index ratio was not significantly different between
the two groups. Similarly, the diastolic pressure-time index/
stroke work index, another index that expresses the supply
to demand ratio, was not significantly different between the
two groups.
Normal Subjects
The eight normal subjects had, as expected, lower left
ventricular end-diastolic pressure (7 ± 2 versus 25 ± 13
mm Hg, p < 0.05) and lower left ventricular peak systolic
pressure (125 ± 11 versus 209 ± 31 mm Hg, p < 0.05)
than did patients with aortic stenosis. There was no signif-
icant difference in systolic arterial pressure between normal
subjects and patients with aortic stenosis (125 ± II versus
126 ± 27 mm Hg, p = NS). The supply/demand ratio was
1.10 ± 0.15 in the normal subjects and 0.53 ± 0.17 in
the 44 patients with aortic stenosis (p < 0.001). In fact,
none of the normal subjects had a diastolic pressure-time
index/systolic pressure-time index less than 0.80 while 40
of 44 patients with aortic stenosis had a ratio below this
level (p < 0.01). The value for diastolic pressure-time index
times heart rate was 1,482 ± 250 in the control group versus
1,068 ± 304 in patients with aortic stenosis (p < 0.05).
There was also a significant difference in the value for
systolic pressure-time index times heart rate (1,368 ± 170
in the normal subjects versus 2,042 ± 338 in the patients
with aortic stenosis, p < 0.05).
Discussion
Factors Causing Angina Pectoris in Aortic Stenosis
It is generally held that angina in patients with aortic
stenosis and normal coronary arteries is due to an increased
myocardial oxygen demand, although Marcus et al. (22)
Table 2. Echocardiographic Measurements in 44 Patients With Aortic Stenosis in the Presence or Absence of Angina Pectoris
Angina No Angina
(n=21) (n=23) p Value
EDD (mm) 50.7 ± 7.5 52.8 ± 10.8 NS
ESD (rnrn) 37.3 ± 8.6 37.0 ± 10.8 NS
ESPWT (mm) 16.3 ± 3.0 16.3 ± 2.9 NS
EDPWT (mm) 11.6 ± 1.8 II 9 ± 2.4 NS
CTS (mm Hg) 518 ± 160 454 ± 143 NS
CTd (mm Hg) 100 ± 55 136 ± 91 NS
LV mass (g) 275 ± 90 313 ± 124 NS
FS (%) 27.0 ± 8.8 30.7 ± 9.4 NS
CT d = circumferential end-diastolic wall stress; CT s = circumferential end-systolic wall stress; EDD = end-diastolic dimension; EDPWT = end-
diastolic posterior wall thickness; ESD = end-systolic dimension; ESPWT = end-systolic posterior wall thickness; FS = fractional shortening; LV =
left ventricular; n = number of patients; p = probability.
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Table 3. Hemodynamic Data in 44 Patients With Aortic Stenosis in the Presence or Absence of Angina Pectoris
Angina No Angina
(n= 21) (n= 23) P Value
AVA 0.54 :t 0 21 0.62 :t 0.19 NS
AVG 76 :t 24 72 :t 24 NS
LVSP 221 :t 33 197 :t 24 0.008
LVEOP 21 :t 9 29 :t 16 NS
SWI 8,553 :t 3,869 6,907 ::: 2,079 NS
LVEF 50 :t 19 49::: 19 NS
SBP 136 :t 27 11 8 :t 24 0.01
SV 76 :t 32 72 :t 22 NS
OPTI x HR 1,140:t 230 1,000 :t 353 NS
SPTI x HR 2,140 :t 377 1,949 :t 274 NS
OPTI/SPTI 0.54 :t 0.14 0.51 :t 0.19 NS
OPTI/SWI 0.002 :t 0.001 0.002 := 0.001 NS
AVA = aortic valve area (c m/ ) ; AVG = aortic valve gradient (mm Hg): OPTI x HR = diastolic pressure-time index times heart rate (em? • beatsl
min); OPTIISPTI = ratio of diastolic pressure-time index to systolic pressure-time index; OPTIISWI = ratio of diastolic pressure-time index to stroke
work index (cmvg-m per m2) ; LVEOP = left ventncular end-diastohc pressure (mm Hg); LVEF = left ventricular ejection fraction (%) ; LVSP = left
ventricular peaksystolic pressure (rnrn Hg); n = number of patients, p = probability; SBP = systolic blood pressure (mm Hg): SPTI x HR = systolic
pressure-time index times heart rate (cnr' • beats/rnm). SV = stroke volume (mil; SWI = stroke work index (g-m/nr' ).
have recently shown that the coronary reserve is diminished
in patients with aortic stenosis and angina pectoris. Others
(18) have also shown that patients withaortic stenosis have
impaired coronary vascular reserve and increased lactate
production or decreased lactate uptake. Subendocardial hy-
poperfusion may be an important cause for angina, even
though the total left ventricular perfusion may not be de-
creased because of increased left ventricular mass. How-
ever, a decrease in coronary blood flow has not been dem-
onstrated in patients with aortic stenosis and angina (30).
Some investigators (21) have considered that the degree
of aortic stenosis is the critical fa ctor in determining the
presence or absence of angina in patients with aortic ste-
nosis. We found no difference in this value in our patients
with and without angina. Because myocardial oxygen con-
sumption per beat is determined primarily by ventricular
pressure, intraventricular volume, myocardial mass and the
contractile state of the heart (31), analysis of the oxygen
supply/demand ratio (from hemodynamic and echocardio-
graphic measurements) may be useful to determine the cor-
relates of angina pectoris in these patients.
Generally , oxygen cost is fa r greater with " pressure
work" as opposed to volume work (32,33); therefore, work
for both groups of patients was analyzed using a method
previously described by Vincent et al. (20). Myocardial
oxygen supply was approximated by planimetry of the area
between the diastolic aortic and left ventricular pressure
curves. Myocardial oxygen demand was approximated by
planimetry of the area beneath the left ventricular systolic
curve.
In experimental studies. a diastolic pressure-time index/
systolic pressure-time index ratio less than 0 ,7 indicates
reduction in subendocardial flow (20). None of our normal
subjects had a ratio less than 0.7, whereas the ratio in most
of the patients with aortic stenosis was below this level.
However, there was no difference in diastolic pressure-time
index/systolic pressure-time index ratio between patients
with aortic stenosis , with and without angina. This is in
contrast to the findings of Swanton et al. (21), whoshowed
that the diastolic pressure-time index/systolic pressure-time
index ratiowas lowerin patients withangina thanin patients
without angina. Swanton et al. (21)also found that theaortic
valve area was smaller in patients with angina, whereas we
found no group differences . The reasons for thesedivergent
results are not clear.
No prior study has examined the relation between echo-
cardiographic wall thickness, chambersize or systolic wall
stress and mass in patients with aortic stenosis and normal
coronary angiograms. It was interesting to note that no dif-
ferences in these rest echocardiographic variables werepres-
ent in those with and without angina.
Conclusion
The mechanisms of angina pectoris in patients withaortic
stenosis and normal coronary arteries could not be deter-
minedfrom evaluationof rest angiographic, hemodynamic,
electrocardiographic and echocardiographic measurements .
Specifically the aortic valve area, transaortic pressure gra-
dient, left ventricular mass, wall thickness and stress and
diastolic pressure-time index/systolic pressure-time index
ratio were not significantly different in the presence or ab-
sence of angina pectoris in patients with aortic stenosis. It
therefore appears that dynamic data are essential for eval-
uation of the mechanism of angina in these patients.
We thank Wanda Klem for her assistance in preparing the manuscript.
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